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Description 

Field of the Invention 

5 The present invention relates to binding assays using binding agents with tail groups, and in particular binding 

agents having oligonucleotide tail groups. These binding assays are useful in determining the concentration of analytes 
in liquid samples. 

Background of the Invention 

w 

It is known to measure the concentration of an analyte, such as a drug or hormone, in a liquid sample by contacting 
the liquid sample with a binding agent immobilised on a solid support, the binding agent having binding sites specific 
for the analyte, separating the binding agent having analyte bound to it and measuring a value representative of the 
fraction of the binding sites of the binding agent that are occupied by the analyte. Typically, the concentration of the 
is analyte in the liquid sample can then be determined by comparing the value representative of the fraction of the binding 
sites occupied by analyte against values obtained from a series of standard solutions containing known concentrations 
of analyte. 

In the past, the measurement of the fraction of the binding sites occupied has usually been carried out by back- 
titratbn with a labelled developing reagent using either so-called competitive or non-competitive methods. 
20 in the competitive method, the binding agent having analyte bound to it is back-titrated, either simultaneously or 

sequentially, with a labelled developing agent, which is typically a iabeiied version of the analyte cr an snti -idiotypic 
antibody capable of recognising empty binding sites of the binding agent. The developing agent can be said to compete 
for the binding sites on the binding agent with the analyte whose concentration is being measured. 

The fraction of the binding sites which become occupied with the labelled analyte can then be related to the con- 
25 centration of the analyte as described above. 

In the non-competitive method, the binding agent having analyte bound to it is back-titrated with a labelled devel- 
oping agent capable of binding to either the bound analyte or to the occupied binding sites on the binding agent. The 
fraction of the binding sites occupied by analyte can then be measured by detecting the presence of the labelled 
developing agent and, just as with competitive assays, related to the concentration of the analyte in the liquid sample 
30 as described above. 

In both competitive and non-competitive methods, the developing agent is labelled with a marker to allow the 
developing agent to be detected. A variety of markers have been used in the past, for example radioactive isotopes, 
enzymes, chemiluminescent markers and fluorescent markers. 

In the field of immunoassay, competitive assays have in general been carried out in accordance with design prin- 
ts ciples enunciated by Berson and Yalow for instance in "Methods in Investigative and Diagnostic Endocrinology" (1 973) : 
pages 111-116. Berson and Yalow proposed that in the performance of competitive immunoassays, maximum sensitivity 
is achieved when an amount of binding agent is used to bind approximately 30-50% of a low concentration of the 
analyte to be detected. In non -competitive immunoassays, maximum sensitivity is generally thought to be achieved 
by using sufficient binding agent to bind close to 100% of the analyte in the liquid sample. However, in both cases 
40 immunoassays designed in accordance with these widely-accepted precepts require the volume of the sample to be 
known and the amount of binding agent used to be accurately known or known to be constant. 

In International Patent Application WO 84/01 031 , 1 disclosed that the concentration of an analyte in a liquid sample 
can be measured by contacting the liquid sample with a small amount of binding agent having binding sites specific 
for the analyte. In this "ambient analyte' method, provided the amount of binding agent is small enough to have only 
45 an insignificant effect on the concentration of the analyte in the liquid sample, it is found that the fraction of the binding 
sites on the binding agent occupied by the analyte is effectively independent of the volume of the sample. 

This approach is further refined in EP 0 304 ; 202 which discloses that the sensitivity and ease of development in 
the assays in WO 84/01031 are improved by using an amount of binding agent less than 0.1 V/K moles located on a 
small area (or "microspot") on a solid support, where V is the violume ol the sample and K is the affinity constant of 
so the binding agent for the analyte. In both of these references, the fraction of the binding sites occupied by the analyte 
is measured using either a competitive or non-competitive technique as described above. 

Summary of the Invention 

ss There is continuing need to develop binding assays which have enhanced kinetics to allow assays to be carried 

out more quickly and easily. In addition, it would be desirable to provide a binding assay which the user of the assay 
can easily customise for the detection of different groups of analytes. 

Accordingly, in a first aspect, the present invention provides a method of determining the concentrations of analytes 
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in a liquid sample comprising: 

(a) immobilising one or more capture agents on a solid support, each capture agent being capable of specifically 
binding a given binding agent; 

5 (b) contacting the liquid sample with one or more binding agents, each binding agent having binding sites specific 

for a given analyte so that a fraction of the binding sites become occupied by the analyte, and a tail group adapted 
to bind to a corresponding capture agent; 

(c) contacting the liquid sample, either simultaneously or sequentially with the step (b), with the immobilised capture 
agents so that the binding agents become bound to their respective capture agents; and 
10 (d) determining the fraction of the binding sites of a binding agent occupied by analyte to determine the concen- 

tration of the analyte in the liquid samples. 

Accordingly, the present invention provides an assay in which the binding of the analytes takes place in the liquid 
phase, rather than at a surface of a solid substrate. This enhances the kinetics of the reaction between analyte and 
is binding agent. 

Thus, in one embodiment, contacting the liquid sample with the binding and capture agents simultaneously allows 
the assay to be carried out in a single step, eg using a single reaction vessel. Alternatively, sequential contact of the 
binding agent(s) and capture agent(s) may be preferred, especially where the liquid is serum or blood, and nonspecific 
binding is an important source of error. In these cases, the binding agent can be first contacted with the liquid sample 
20 in a first vessel and then the sample transferred to a second vessel to allow the capture agent to bind the binding agent 
to the solid support. 

In a second aspect, the present invention provides a method of immobilising one or more binding agents on a 
support, each binding agent having binding sites specific for a given analyte and a tail group adapted to bind to a 
capture agent, comprising: 

25 

(a) immobilising one or more capture agents on a support each capture agent being capable of binding to the tail 
group of a given binding agent and, 

(b) contacting the binding agents with the support having the capture agents immobilised thereon so that the 
binding agents become specifically bound to their respective capture agents through their tail groups. 

30 

The above method can additionally comprise the step of attaching the tail groups to the binding agents prior to 
exposing them to the capture agents immobilised on the support. 

Thus, it is possible for the user of the assay to customise binding agents for use in determining the concentration 
of different groups of analytes and using the customised binding agents in conjunction with a universal support having 
35 capture agents immobilised on it, to which the binding agents can individually bind by virtue of their tail groups. 

In this aspect of the invention, the assay is carried out by exposing the support to a liquid sample after the binding 
agent(s) has or have become bound to the capture agent(s). 

In either aspect, the present invention provides an assay in which the binding agent is indirectly linked to capture 
agent immobilised on the substrate via the tail group. 
40 Preferably, the capture agent is an oligonucleotide sequence which can hybridise to a complementary sequence 

comprising the tail group of the binding agent. The oligonucleotides acting as capture agent or tail of the binding agent 
are sufficiently long to provide strong and specific hybridisation under the stringency conditions used in the assay. 
Typically, complementary oligonucleotides of at least about 8 or 9 nucleotides in length are used. In a preferred em- 
bodiment, the oligonucleotides are preferably between 8 and 30 bases, more preferably between 16 and 20 bases, in 
45 length. However, the use of very long polynucleotides is not preferred as these can lead to a reduction in the specificity 
of binding different capture agents or to self hybridise, forming hairpin loops (double stranded regions) . However, a 
suitable length and sequence of oligonucleotide for a set of assay conditions can readily be determined by those skilled 
in the art. 

Conveniently, the binding agent is an antibody having binding sites specific for an analyte. Accordingly, when the 
50 capture agent on the support is exposed to the liquid phase binding agent, the binding agent becomes bound to the 

solid support. Alternatively, where the analyte is a nucleic acid sequence, the binding agent can be an oligonucleotide. 

Thus, in this embodiment, the binding agent has a first sequence capable of hybridising to the analyte and a second 

sequence acting as the tail group. 

Preferably, a small amount of binding agent is used in accordance with the assays disclosed in WO 84/01031 or 
55 EP 0 304,202, so that the volume of the liquid sample need not be known. Thus : the amount of binding agent should 

be sufficiently small so that it does not significantly affect the ambient concentration of the analyte in the liquid sample. 

Typically, the use of an amount of binding agent which binds less than 5% of the analyte is preferred. However, the 

use of a smaller amount of binding agent, eg to bind 2% or 1% of the analyte, further reduces the disturbance to the 
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ambient concentration ot the analyte and helps to minimise the error in determining the anatyte concentration. 

Where the assay is conducted in accordance with EPO 304,202 using less than 0.1 V/K moles of binding agent, 
the affinity constant (K) for the binding of analyte to binding agent is measured in accordance with normal practice. 
This means the value of the affinity constant used to determine how much binding agent constitutes 0.1 V/K moles is 
5 the value that is obtained under the conditions (eg reactants, time of incubation, pH, temperature etc) that are used in 
the assay. 

Preferably, each capture agent is used in excess to bind substantially all of a given binding agent. This maximises 
the assay sensitivity and ensures that when the amount of binding agent used needs to be known or known to be 
constant, the user of the assay can be confident that substantially all of a binding agent used in an assay becomes 
10 bound to its capture agent on the support. 

Preferably, molecules of capture agent are immobilised on a support at discrete locations, eg as microspots. This 
allows the concentration of a plurality of different analytes to be simultaneously determined using a plurality of different 
capture agents at a series of locations on the support. Where the capture agent(s) is or are immobilised as microspots, 
the sensitivity of the assay can be improved immobilising the capture agent at high density, thereby improving the 
is signal-to-noise ratio. Assuming sample volumes of the order of 0. 1 -1 .0 ml, the microspots preferably have an area less 
than 1mm 2 and a final surface density of binding agent between 1000 and 100000 molecules/urn 2 . 

Alternatively, a given capture agent can be immobilised on a support at a plurality of locations so that a series of 
measurements of the concentration of an analyte can be made simultaneously. 

Preferably, the fraction of the binding sites occupied by the analyte is detected using developing agents in a com- 
20 petitive and/or non-competitive method as described above. The developing agents are capable of binding to occupied 
or unoccupied binding sites of the binding agent or to bound analyte and are labelled tc enable bound developing agent 
to be detected. Preferably, the developing agents are labelled antibodies. 

The markers can be radioactive isotopes, enzymes, chemi luminescent markers or fluorescent markers. The use 
of fluorescent dye markers is especially preferred as the fluorescent dyes can be selected to provide fluorescence of 
25 an appropriate colour range (excitation and emission wavelength) for detection. Fluorescent dyes include coumarin, 
fluorescein, rhodamine and Texas Red. Fluorescent dye molecules having prolonged fluorescent periods can be used : 
thereby allowing time-resolved fluorescence to be used to measure the strength of the fluorescent signal after back- 
ground fluorescence has decayed. Latex microspheres containing fluorescent or other markers, or bearing them on 
their surface can also be employed in this context. The signals from the markers can be measured using a laser 
30 scanning confocal microscope. 

Alternatively, other high specific activity labels such as chemiluminescent labels can be used. In the case of chemi- 
luminescent labels, the signals from different chemilumiscent labels used to mark binding agent or developing agent 
can be simultaneously detected using, for example a charge-coupled device (CCD). 

The binding agent (or a proportion of it) can conveniently be labelled, eg with a fluorophor. In accordance with the 
35 method set out in EPO 271 ,974, this means that it is not necessary for the user of the assay to know the amount of 
binding agent or to know that it is constant. This is because the ratio of the signals from the binding agent and the 
signal indicating the fraction of the binding sites of the binding agent occupied by analyte is dependent on the fraction 
of the sites of the binding agent occupied by the analyte, but is independent of the total amount of binding agent present. 

Alternatively, if the user of the assay knows the volume ot the sample, a larger ampunt of binding agent can be 
40 used so that the assay is not operating under ambient analyte conditions. This allows the concentration of the analyte 
to be determined using one label on the developing agent and either knowing the amount of binding agent is constant 
or labelling it with a second marker so that the amount is known. 

In a variant of this approach, two labelled developing agents can be used, a first capable of specifically binding to 
unoccupied binding sites of the binding agent and a second capable of binding to occupied binding sites or bound 
45 analyte. Thus, the signal from either marker is representative of the fraction of the binding sites occupied by analyte, 
while the sum of the signals is representative of the total amount ol binding agent used. 

This method can also avoid the necessity of knowing that a constant amount of binding agent is used as variations 
in the amount of binding agent immobilised can readily be corrected for. Under these circumstances, the sample volume 
v must either be known or constant. This can be seen from the following lormula show how the signals from two labelled 
so developing agents relates to the concentration of analyte in a sample. 

Let the signal emitted by the label marking the developing agent directed against occupied binding agent binding 
sites be given by S 0 , 

and the signal emitted by the label marking the developing agent directed against unoccupied binding agent binding 
ss sites be given by S u: 

and let the constants relating the respective signals to occupied and unoccupied sites be e 0 and c u respectively, 
and K = the effective equilibrium constant governing the reaction between the analyte and binding agent. 
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Then, if the anatyte concentration in a sample is given by Y, 

Y = (S 0 / £o )[e u /(KS u ) + 1/ V ] 

5 

Assuming v is known, this equation contains two unknown constants, e c and zJK. By determining the signals S D 
and S y for a series of known analyte concentrations, these constants can be determined, and unknown analyte con- 
centrations estimated from corresponding determinations of S 0 and S u . Thus, the assay need not work under ambient 
anatyte conditions. 

io Under ambient anatyte conditions, the term 1/v becomes negligible, and SJS U is proportional to the ambient analyte 

concentration. 

In a first kit aspect, the present invention provides a kit for determining the concentrations of one or more analytes 
in a liquid sample in a method as described above, the kit comprising: 

is (a) a solid substrate having attached thereto at a plurality of locations capture agent capable of specifically binding 

a binding agent; 

(b) one or more binding agents, each binding agent having binding sites specific for an analyte, and a tail group 
adapted to bind one or more capture agents; and 

(c) one or more developing agents having markers capable of binding to occupied binding agent binding sites or 
20 analyte bound to binding agent or unoccupied binding agent binding sites. 

In a second kit aspect, the present invention provides a kit for customising an assay for the determination of the 
concentration of one or more analytes comprising: 

25 (a) one or more tail groups, each tail group being for attachment to a binding agent; 

(b) a solid substrate having attached thereto at a plurality of locations one or more capture agents capable of 
specifically binding to a tail group; 

wherein the user of the assay attaches the tail groups to the binding agents, thereby providing binding agents 
30 which can be used in conjunction with the solid substrate to which the capture agents are attached in a method as 
described above. 

Description of the Drawings 

35 A preferred embodiment of the present invention will now be described with reference to the accompanying sche- 

matic drawings in which: 

Figure 1 shows an assay to detect two analytes in a liquid sample using two species of capture agent and two 
species of binding agent, the capture agent immobilised at two microspots; 
40 Figure 2 shows the assay of figure 1 in which the capture agent has become bound to the binding agent; 

Figure 3 shows a non -competitive method of determining the occupancy of the binding agent using a second 
labelled antibody; and, 

Figure 4 shows a graph of signal plotted against TSH concentration from the experimental example below 
45 Detailed Description 

Figures 1 to 3 show a binding assay in which two species of binding agent 2,4 having binding sites specific for 
different analytes 6,8 are used. Each binding agent 2,4 comprises an antibody 10,1 4 provided with an oligonucleotide 
tail group 12,16. The oligonucleotide tail groups have different nucleotide sequences, the sequences being comple- 
te) mentary to one of the sequences of capture agents 18,20, immobilised on a solid support 22 in the form of microspots. 
In this example, the oligonucleotides are 8 nucleotides long. 

In the assay, the two analytes 6,8 in the sample are exposed to binding agents 2,4 so that a fraction of the analytes 
6,8 become bound to the antibodies 10,14. As this reaction occurs in the liquid phase, the kinetics of the reaction 
between the antibodies 10,14 and the analytes (antigens) 6,8 are optimised. 
55 Simultaneously or sequentially with the initial antibody/analyte reaction, the liquid sample and binding agent are 

exposed to the solid support 22 having capture agents 18,20 immobilised on it. This allows the nucleotide sequences 
12,16 of the binding agents 2,4 to bind to the complementary sequences of the capture agents 18,20 immobilised on 
the support 22. This is shown in Figure 2. However, the capture agents 16,18 are generally used in excess to ensure 
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that substantially all the binding agent 10,14 is bound to the support 22. Thus, in figures 2 and 3, one molecule of 
capture agent 28 is (eft unoccupied. 

The fraction of the binding sites of the binding agents 2,4 can then be determined using a conventional back- 
titration technique. Thus, in Figure 3 labelled antibodies 24 : 26 are used in a non-competitive technique to mark the 
$ presence of occupied binding agents 2,4 respectively. As the antibodies 24,26 are labelled with markers (not shown) 
a fraction of the binding sites of the binding agents 2,4 can then be determined. This in turn allows the concentration 
of the analytes in the liquid sample to be found, eg by reference to results obtained using a series of solutions of known 
analyte concentration. 

The assay shown in Figures 1 to 3 can be adapted to measure the concentration of any pair of analytes using the 
io same solid support 22 having capture agents 18,20 immobilised on it. This can be done by providing binding agent 
suitable for binding an analyte with an oligonucleotide tail group 12,16 so that the binding agents will specifically bind 
to one of the microspots 18,20. Thus, it is envisaged that the user of the assay will be able to customise his or her 
binding agent for use with a universal array of microspots. 

*5 Example 

Reagents: 

1) Mouse IgG (monoclonal anti-TSH) from the Scottish Antibody Production Unit (SAPU). 

20 

2) Rabbit IgG, goat anti-mouse IgG (whole molecule) and goat anti-rabbit IgG (whoie molecule) antibodies from 
Sigma. 

3) Sulfate Fluospheres, 0.1 um diameter, yellow/green fluorescent (ex 490; em 515nm) and Sulfate Fluospheres, 
zs 0.1 u/n diameter, red fluorescent (ex 580; em 605nm) from Molecular Probes. 

4) Oligonucleotides from Oswell DNA Service: 

30 a) CACACACACACACACACA with 5*-biotin modification 

(poly-CA) 

35 b) GTGTGTGTGTGTGTGTGT with 5 1 -phosphorothioate 

modification (poly -GT) 

40 c) GAGAGAGAGAGAGAGAGA with 5'-biotin modification 

(poly-GA) 

45 d) CTCTCTCTCTCTCTCTCT with 5 phosphorothioate 



so modification (poly-CT) 

5) Sulfo-LC-SPDP {sulfosuccinimidyl 6-[3 , -(2-pyridyldithio)-propionamido]hexanoate} from Pierce. 

55 6) PD10 columns and Sephadex G200 from Pharmacia. 

7) RIA grade Bovine Serum Albumin (BSA), Tween20, sodium azide, di-sodium hydrogen orthophosphate anhy- 
drous, sodium di-hydrogen orthophosphate, EDTA and Trizma from Sigma 
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B) Avidin DX from Vector Laboratories 
9) Centricon-30 and Centriprep-30 concentrators from Amicon 
5 10) Thyroid stimulating hormone (TSH) from NIH USA 

Adsorption of Anti-Mouse IgG and Anti-Rabbit IgG Antibodies to Sulfate FluoSpheres 

1) A 0.5ml aliquot of 2% (10mg), 0.1 \im yellow/green FluoSpheres was added to 2mg of goat anti-mouse IgG 
io antibody dissolved in 0.5ml 0.1 M phosphate buffer, pH7.4. A 0.5ml aliquot of 2% (1 Omg), O.lum red FluoSpheres 

was added to 2mg of goat anti-rabbit IgG antibody dissolved in 0.5ml 0.1 M phosphate buffer, pH7.4. Both prepa- 
rations were shaken overnight at room temperature. 

2) The two preparations were centrifuged for 10min at 8°C in a MSE High-Spin 21 Ultra-centrifuge. 

75 

3) Each pellet was dispersed in 2ml of 1% BSA in phosphate buffer, shaken for 1 hour at room temperature and 
centrifuged as above. 

4) Each pellet was dispersed in 2ml of 0.5% Tween20 in phosphate buffer, shaken for 30min at room temperature 
pn and rontrifuged as above. 

5) Each pellet was dispersed in 2ml of phosphate buffer and centrifuged as above. 

6) Each pellet was dispersed in 2ml of phosphate buffer and centrifuged as above. 

25 

7) Each pellet was dispersed in 2ml of 1% BSA containing 0.1% sodium a2ide and stored at 4°C. 

Conjugation of Mouse Monoclonal IgG and Rabbit IgG to Oligonucleotides 

30 1) 3mg of sulpho-LC-SPDP was added to 4.6mg of mouse anti-TSH monoclonal or rabbit IgG dissolved in Iml of 

PBS/EDTA and shaken for 30min at room temperature. 

2) The activated antibodies were separated from unreacted SPDP on PD10 columns. The samples were eluted 
with PBS/EDTA and 0.5ml fractions collected. 

35 

3) The fractions from the first peak containing the activated antibody were pooled and concentrated using a Cen- 
tricon-30 concentrator to approximately 10uJ, 

4) 100nM of 5'-phosphorothioate modified poly-GT oligonucleotide was added to 14.8nM o1 the activated mouse 
40 monoclonal IgG. 58.3nM of 5'-phosphorothioate modified poly-CT oligonucleotide was added to 8.7nM of the ac- 
tivated rabbit IgG. Both preparations were made up to Iml with PBS/EDTA and shaken overnight at room temper- 
ature. 

5) The oligonucleotide conjugated mouse and rabbit IgG preparations were separated from unreacted oligonucle- 
45 otides on a Sephadex G200 column (1.5 x 45cm). The samples were eluted with PBS/EDTA and 2ml fractions 

collected. 

6) The fractions from the first peak containing the oligonucleotide conjugated antibody were pooled and concen- 
trated using a Centriprep-30 concentrator to approximately 500uJ and stored at 4°C. 

50 

To Demonstrate That a Mixture of Oligonucleotide-Conjugated Antibodies Would Hybridize Only With Com- 
plementary Oligonucleotide Deposited on a Solid-Phase as Microspots 

1) Dynatech black Microfluor microtitre wells were coated with 5Qal of avidin-DX in 0.1 M bicarbonate buffer, pH 
55 8.5 and at a concentration of 5ng/ml for 5min at room temperature. 

2) After washing with 0.01 M phosphate buffer the avidin coated microtitre wells were blocked with 200ji' of 1% 
BSA for 1 hour at room temperature and washed again with the same buffer and dried. 
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3) A 0.25uJ droplet of each of the two 5'-biotin modified poty-CA and poly-GA oligonucleotides in 0.1% BSA and 
at a concentration ol 0.025nM/ml were deposited on opposite sides of avidin coated microtftre wells and allowed 
to react for 30min under a moist atmosphere. The droplets were then aspirated and the microtitre wells washed 
with phosphate buffer. 

4) A 50uJ aliquot of Tris-HCI assay buffer containing 0.25ug/ml each of the poly-GT-conjugated mouse monoclonal 
IgG and poly-CT-conjugated rabbit IgG was added to all but the control microtitre wells (50u1 of assay buffer con- 
taining unconjugated mouse and rabbit IgG was added to the control wells instead), shaken for 1 hour under a 
moist atmosphere and washed with phosphate buffer containing 0.05% Tween20. 

5) A 200uJ aliquot of Tris-HCI assay buffer containing 0.3u.g/ml goat anti-mouse IgG antibody conjugated yellow/ 
green FluoSpheres and 0.6ug/ml goat anti-rabbit IgG antibody conjugated red FluoSpheres was added to all mi- 
crotitre wells, shaken for 1 hour at room temperature, washed with phosphate -Tween20 buffer and scanned with 
a confocal laser scanning microscope equipped with an Argon/Krypton laser. 

Results 

Excitation: 488DF10 
Emission: 525DF35 



Sample 


Ys!!cw/GreeT! Sianal 


Control 

Avidin— B-Poly-CA— Po!y-GT-Mo use IgG microspot 
Avidin— B-Poly-GA— Poly-CT-Rabbit IgG microspot 


13.3+0.5 

100.9±10.9 

16.9±0.3 



Excitation: 568DF10 
Emission: 585EFLP 



Sample 


Red Signal 


Control 

Avidin— B-Poly-C A— Poly-GT-Mouse IgG microspot 
Avkiin—B-Poly-GA— Poly-CT-Rabbit IgG microspot 


22.0±0.2 
24.0+0.4 
99.8+2.7 



Conclusions 

(1) The poly-GT oligonucleotide tagged mouse IgG hybridized only with complementary biotinylated poiy-CA but 
not non-complementary biotinylated poly-GA oligonucleotide microspots deposited on the same microtitre well. 

(2) The poly-CT oligonucleotide tagged rabbit IgG hybridized only with complementary biotinylated poly-GA but 
not non -complementary biotinylated poly-CA oligonucleotide microspots deposited on the same microtitre well. 

To Demonstrate Antigen Binding of the Oligonucleotide Tagged Antibody Microspots 

1) Dynatech black Microfluor microtitre wells were coated with 5Qil of avidin-DX in 0.1 M bicarbonate buffer, pH 
8.5 and at a concentration of 5ug/ml for 5min at room temperature. 

2) After washing with 0.01 M phosphate buffer the avidin coated microtitre wells were blocked with 20Qil of 1% 
BSA for 1 hour at room temperature and washed again with the same buffer and dried.. 

3) A 0.25 droplet of S'-biotin modified poly-CA oligonucleotide in 0.1% BSA and at a concentration of 0.025nM/ml 
was deposited on each of the avidin coated microtitre wells and allowed to react for 30min under a moist atmos- 
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phere. The droplets were then aspirated and the microtitre wells washed with phosphate buffer. 

4) A 50uJ aliquot of Tris-HCI assay buffer containing 0.25u.g/ml of the poly-GT-conjugated anti-TSH mouse mon- 
oclonal IgG was added to the microtitre wells, shaken for 1 hour under a moist atmosphere and washed with 
phosphate buffer containing 0.05% Tween20. 

5) A 200ul aliquot of TSH standards in Tris-HCI assay buffer (0 : 0.1 , 0.3 & 1 .0u,U/ml) was added to triplicate wells 
and incubated for 1 hour at room temperature and washed with phosphate-Tween20 buffer. 

6) A 200uJ aliquot of 50u.g/ml anti-TSH developing antibody conjugated yellow/green sulfate FluoSpheres was 
added to all microtitre wells, shaken for 1 hour at room temperature, washed with phosphate-Tween20 buffer and 
scanned with a confocal laser scanning microscope equipped with an Argon/Krypton laser. 

Results and Conclusion 

The poly-GT oligonucleotide tagged anti-TSH mouse monoclonal IgG was fully functional as demonstrated by the 
successful generation of a standard curve when it was used as binding antibody deposited on the solid-phase via 
biotinylated complementary poly-CA oligonucleotide coupled toavidin coated microtitre wells (see figure 4). 



Claims 

1 . A method for determining the concentration of one or more analytes in a liquid sample comprising: 

(a) immobilising one or more capture agents on a solid support, each capture agent being capable of specif- 
ically binding a given binding agent; 

(b) contacting the liquid sample with one or more binding agents, each binding agent having binding sites 
specific for a given analyte so that a fraction of the binding sites become occupied by the analyte, and having 
a tail group adapted to bind to the corresponding capture agent; 

(c) contacting the liquid sample, either simultaneously or sequentially with the step (b), with the immobilised 
capture agents so that the binding agents become bound to their respective capture agents; and, 

(d) determining a value representative of the fraction of the binding sites of a given binding agent occupied 
by an analyte whereby to determine the concentration of the analyte in the liquid sample 

wherein the capture agents are oligonucleotides having sequences which can hybridise to a complementary 
sequence on the tail group of the corresponding binding agent. 

2. A method according to claim 1 wherein the method additionally comprises the step of attaching the tail groups to 
the binding agents prior to immobilising them on the support. 

3. A method according to claim 1 or claim 2 wherein the oligonucleotides are between 8 and 30 bases long. 

4. A method according to any one of the preceding claims wherein the binding agent is an antibody having binding 
sites specific for an analyte. 

5. A method according to any one of the preceding claims wherein a small amount ot each binding agent is used so 
that the ambient concentration of the analyte for which the binding agent is specific is not significantly disturbed. 

6. A method according to claim 5 wherein the small amount of binding agent is less than 0. 1 WK moles, where V is 
the volume of the sample and K is the effective affinity constant for the analyte binding to the binding agent. 

7. A method according to any one of the preceding claims wherein each capture agent is used in excess to bind 
substantially all of a given binding agent. 

8. A method according to any one of the preceding claims wherein the capture agent(s) are immobilised on a support 
at discrete locations. 

9. A method according to claim 8 wherein the discrete locations are microspots. 
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1 0. A method according to any one of the preceding claims wherein a given capture agent is immobilised on the support 
at a plurality of locations so that a series of measurements of the concentration of a given analyte can be made 
simultaneously. 

5 11. A method according to any one of the preceding claims wherein the value representative of the fraction of the 
binding sites occupied by the analyte is determined using developing agents in a competitive and/or non-compet- 
itive method, the developing agents being labelled with markers. 

12. A method according to claim 11 wherein the marker are fluorescent or chemiluminescent markers. 

70 

13. A kit for determining the concentrations of one or more analytes in a liquid sample in a method according to any 
one of claims 1 to 12, the kit comprising: 

(a) a solid substrate having attached thereto at a plurality of locations capture agent capable of specifically 
is binding a given binding agent; 

(b) one or more binding agents, each binding agent having binding sites specific for an analyte, and having a 
tail group adapted to bind one or more capture agents; and 

(c) one or more developing agents having markers capable of binding to occupied binding agent binding sites 
or analyte bound to binding agent or unoccupied binding agent binding sites; 

20 

wherein the capture agents are oligonucleotides having sequences which can hybridise to a complementary 
sequence on the tail group of the corresponding binding agent. 

14. A kit for customising an assay for the determination of the concentration of one or more analytes in a liquid sample, 
25 the kit comprising: 

(a) one or more tail groups, each tail group being for attachment to a binding agent; 

(b) a solid substrate having attached thereto at a plurality of locations one or more capture agents capable of 
specifically binding to a tail group; 

30 

wherein the capture agents are oligonucleotides having sequences which can hybridise to a complementary 
sequence on the tail group of the corresponding binding agent and the user of the assay attaches the tail groups 
to the binding agents, thereby providing binding agents which can be used in conjunction with the solid substrate 
to which the capture agents are attached in a method according to any one of claims 1 to 12. 

35 

Patentanspruche 

1. Verfahren zum Bestimmen der Konzentratbn eines oder mehrerer Analyten in einer flussigen Probe, umfassend: 

40 

(a) das Immobilisieren eines oder mehrerer Fanger auf einem festen Trager, wobei jeder Fanger zum spezi- 
fischen Binden eines bestimmten Bindemittels fahig ist; 

(b) das In-Kontakt-Bringen der flussigen Probe mit einem oder mehreren Bindemitteln, wobei jedes Bindemittel 
Bindungsstellen, die fur einen bestimmten Analyten spezifisch sind, so da3 ein Teil der Bindungsstellen vom 

45 Analyten besetzt wird, sowie eine Schwanzgruppe aufweist, die so ausgebildet ist, dafi sie sich an den ent- 

sprechenden Fanger bindet; 

(c) das In-Kontakt-Bringen der flOssigen Probe mit den immobilisierten Fangern, wodurch die Bindemittel an 
ihre jeweiligen Fanger gebunden werden, entweder gleichzeitig mit oder nach Schritt (b), und 

(d) das Bestimmen eines Werts, der fur den Anteil der Bindungsstellen eines bestimmten Bindemittels : die 
so von einem Analyten besetzt sind, reprasentativ ist, urn dadurch die Konzentration des Analyten in der flussigen 

Probe zu bestimmen, 

wobei die Fanger Oligonukleotide sind, die Sequenzen aufweisen, die an eine komplementare Sequenz der 
Schwanzgruppe des entsprechenden Bindemittels hybridisieren konnen. 

55 

2. Verfahren nach Anspruch 1, worin das Verfahren zusatzlich den Schritt des Bindens der Schwanzgruppe an die 
Bindemittel vor dem Immobilisieren derselben auf dem Trager umfaGt. 
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3. Verfahren nach Anspruch 1 Oder 2, worin die Oligonukleotide zwischen 8 und 30 Basen lang sind. 

4. Verfahren nach einem der vorangegangenen Anspruche, worin das Bindemittel ein Antikdrper ist, der fur einen 
Anatyten spezifische Bindungsstellen aufweist 

s 

5. Verfahren nach einem der vorangegangenen Anspruche, worin eine geringe Menge jedes Bindemittels so einge- 
setzt wird, daf3 die Umgebungskonzentration des Analyten, fur den das Bindemittel spezifisch ist, nicht nennens- 
wert gestort wird. 

to 6. Verfahren nach Anspruch 5, worin die geringe Menge an Bindemittel weniger als 0 ; 1 V/K Mol betragt, worin V das 
Volumen der Probe ist und K die wirksame Affinitatskonstante fur den Analyten ist, der sich an das Bindemittel 
bindet. 

7. Verfahren nach einem der vorangegangenen Anspruche, worin jeder Finger im ClberscfiuG eingesetzt wird, urn 
im wesentlichen jeweils das gesamte Bindemittel zu binden. 

8. Verfahren nach einem der vorangegangenen Anspruche, worin der/die Fanger auf einem Trager an diskreten 
Positionen tmmobilisiert wird/werden. 

9. Verfahren nach Anspruch 8, worin die diskreten Positionen Mikropunkte sind. 

10. Verfahren nach einem der vorangegangenen Anspruche, worin ein bestimmter Fanger auf einem Trager an einer 
Vielzahl von Positionen immobilisiert wird, so da3 gleichzeitig eine Reihe von Messungen der Konzentratbn eines 
bestimmten Anatyten durchgefuhrt werden kann. 

11. Verfahren nach einem der vorangegangenen Anspruche, worin der Wert, der fur den Anteil der Bindungsstellen 
reprasentativ ist, die vom Analyten besetzt werdea unter Verwendung von Entwicklern in einem kompetitiven und/ 
oder nicht-kompetitiven Verfahren ermittelt wird, wobei die Entwickler mit Markierungen markiert sind. 

30 12. Verfahren nach Anspruch 11 , worin die Markierungen Fluoreszenz- oder Chemolumineszenz-Markierungen sind. 

13. Set zum Bestimmen der Konzentrationen eines oder mehrerer Analyten in einer flussigen Probe mittels eines 
Vertahrens nach einem der Anspruche 1 bis 12, wobei das Set umfaBt: 

35 (a) ein testes Substrat, an dem an einer Vielzahl von Positionen Fanger gebunden sind : die dazu fahig sind : 

ein bestimmtes Bindemittel spezifisch zu binden; 

(b) ein oder mehrere Bindemittel, wobei jedes Bindemittel Bindungsstellen, die fur einen Analyten spezifisch 
sind, sowie eine Schwanzgruppe aufweist, die zum Binden eines oder mehrerer Fanger ausgebildet ist; und 

(c) einen oder mehrere Entwickler, die Markierungen aufweisen, die zur Bindung an besetzte Bindemittel- 
40 Bindungsstellen oder an an Bindemittel gebundenen Anatyten oder an unbesetzte Bindemittel -Bindungsstel- 
len fahig sind; 

wobei die Fanger Oligonukleotide sind : die Sequenzen aufweisen, die an eine komplementare Sequenz an 
der Schwanzgruppe des entsprechenden Bindemittels hybridisieren konnen. 

45 

14. Set zur Individualisierung eines Assays zur Bestimmung der Konzentration eines oder mehrerer Anatyten in einer 
flussigen Probe, wobei das Set umfaBt: 

(a) eine oder mehrere Schwanzgruppen, wobei jede Schwanzgruppe zur Bindung an ein Bindemittel bestimmt 
so ist; 

(b) ein festes Substrat, an dem an einer Vielzahl von Positionen ein oder mehrere Fanger befesligt ist/sind, 
der/die zur spezifischen Bindung an eine Schwanzgruppe fahig ist/sind; 

wobei die Fanger Oligonukleotide sind, die Sequenzen aufweisen, die an eine komplementare Sequenz der 
ss Schwanzgruppe des entsprechenden Bindemittels hybridisieren konnen, und der Benutzer des Assays die 

Schwanzgruppen an die Bindemittel bindet, wodurch Bindemittel bereitgestellt werden, die in Verbindung mit dem 
festen Substrat, an dem die Fanger befestigt sind, fur ein Verfahren nach einem der Anspruche 1 bis 12 eingesetzt 
werden konnen. 
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Revendications 

I . Methode de determination de la concentration cfun ou plusieurs analytes dans un echantilton liquids comprenant: 

b (a) 1'immobilisation d'un ou plusieurs agents de capture sur un support solide, chaque agent de capture 6tant 

capable de lier specifiquement un agent de liaison donne ; 

(b) la mise en contact de I'echantillon liquide avec un ou plusieurs agents de liaison, chaque agent de liaison 
ayant des sites de liaison specif iques pour un analyte donn6 de sorte qu'une fraction des sites de liaison 
devient occupee par I'analyte et ayant un groupe de queue adapte a la liaison a I'agent de capture 

io correspondant ; 

(c) la mise en contact de I'echantillon liquids, soit simultanement soit en sequence avec I'etape (b), avec les 
agents de capture immobilises de sorte que les agents de liaison deviennent Ii6s a leurs agents de capture 
respectifs ; et 

(d) la determination cTune vateur representative de la fraction des sites de liaison d'un agent de liaison donne 
is occupee par un analyte pour determiner la concentration de I'analyte dans I'echantillon liquide 

dans laquelle les agents de capture sont des oligonucleotides ayant des sequences qui peuvent s'hybrider 
a une sequence complementaire sur le groupe de queue de I'agent de liaison correspondant 

20 2. Methode selon la revendication 1 , dans laquelle la methode comprend en outre I'etape de fixer les groupes de 
queue aux agents de liaison avant de les immobiiiser sur ie support. 

3. Methode selon la revendication 1 ou 2, dans laquelle les oligonucleotides ont une longueur d'entre 8 et 30 bases. 

25 4. M6thode selon Tune quelconque des revendications pr6c§dentes, dans laquelle I'agent de liaison est un anticorps 
ayant des sites de liaison specifiques pour un analyte. 

5. Methode selon Tune quelconque des revendications precedentes, dans laquelle une petite quantite de chaque 
agent de liaison est utilisee de sorte que la concentration ambiante de I'analyte pour lequel I'agent de liaison est 

30 specifique ne soit pas perturbee de fagon significative. 

6. Methode selon la revendication 5, dans laquelle la petite quantite d'agent de liaison est inferieure a 0, 1 V/K moles, 
V etant le volume de I'echantillon et K est la constante d'affinite effective pour la liaison de I'analyte a I'agent de 
liaison. 

3S 

7. M6thode selon I'une quelconque des revendications precedentes, dans laquelle chaque agent de capture est 
utilise en exces pour lier sensiblement la totalite d'un agent de liaison donne\ 

8. Methode selon I'une quelconque des revendications pr£c6dentes, dans laquelle I'agent (les agents) de capture 
40 sont immobilises sur un support en des endroits separes. 

9. Methode selon la revendication 8. dans laquelle les endroits separes sont des micropositions. 

10. Methode selon Tune quelconque des revendications precedentes, dans laquelle un agent de capture donne est 
45 immobilise sur le support en une pluralite d'endroits de sorte qu'on puisse effectuer simultanement une serie de 

mesures de la concentration d'un analyte donne. 

II. Methode selon Tune quelconque des revendications precedentes, dans laquelle la valeur representative de la 
fraction des sites de liaison occupee par I'analyte est determinee en utilisant des agents de developpement dans 

so une methode competitive et/ou non competitive, les agents de developpement etant marques avec des marqueurs. 

12. Methode selon la revendication 11 , dans laquelle les marqueurs sont des marqueurs fluorescents ou chimiolumi- 
nescents. 

55 13. Trousse de determination des concentrations d'un ou plusieurs analytes dans un echantilton liquide dans une 
methode selon I'une quelconque des revendications 1 a 12, la trousse comprenant : 

(a) un substrat solide ayant fixe en une pluralite d'endroits un agent de capture capable de lier specifiquement 
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un agent de liaison donne; 

(b) un ou plusieurs agents de liaison, chaque agent de liaison ayant des sites de liaison specifiques pour un 
analyte et ayant un groupe de queue adapte a la liaison d'un ou plusieurs agents de capture ; et 

(c) un ou plusieurs agents de developpement ayant des marqueurs capables de se Iter aux sites de liaison 
de I'agent de liaison occup6s ou a un analyte lie* a Cagent de liaison ou aux sites de liaison de I'agent de liaison 
non occupes, 

dans laquelle les agents de capture sont des oligonucleotides ayant des sequences qui peuvent s'hybrider a une 
sequence complementaire sur le groupe de queue de I'agent de liaison correspondant. 

1 4. Trousse pour adapter un essai pour la determination de la concentration d'un ou plusieurs anarytes dans un 6chan- 
tillon liquide, la trousse comprenant : 

(a) un ou plusieurs groupes de queue, chaque groupe de queue existant pour s'attacher a un agent de liaison ; 

(b) un substrat solide ayant attaches en une pluralite d'endroits, un ou plusieurs agents de capture capables 
de se lier sp6cif iquement a un groupe de queue ; 

dans laquelle les agents de capture sont des oligonucleotides ayant des sequences qui peuvent s'hybrider 
a une sequence complementaire sur le groupe de queue de I'agent de liaison correspondant et I'utilisateur de 
reseat attache !es groupes de queue aux agents de liaison, fournissant ainsi des agents de liaison qui peuvent 
etre utilises en combinaison avec le substrat solide auquel les agents de capiure sent fixec dans une m^thode 
selon I'une quelconque des revendications 1 a 12. 
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Figure 1 
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A Microspot Sandwich TSH Assay Using Solid-phased 
Anti-TSH Capture Antibody Tagged with Oligonucleotide 
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TSH Concentration (p.U/ml) 



Figure 4 
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The invention pertains to new composition and a method for 
increasing the solubility of various agricultural compounds 
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commercially viable liquid concentrates. This method 
requires the use of amine-containing surfactants and organic 
acids to lower iuc pli c 
them soluble in water. 
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AGRICULTURAL FORMULATION 

RELATED APPLICATIONS 

[0001] This applicatioD claims benefit to U.S. Provisional 
Serial No. 60/270,311 filed Feb. 21, 2001 which is incor- 
porated by reference in its entirety for all useful purposes. 

BACKGROUND OF THE INVENTION 

[0002] Many agricultural formulations contain water- 
soluble salts. These salts, often alkylamine salts, are gener- 
ally not as active as their acid equivalents. For example, 
2,4-Dichlorophenoxyacetic acid (2,4-D acid) is known to be 
more herbicidally active than the dimethylamine salt of 2, 
4-D. However, 2, 4-D acid is not soluble in water. Solvents 
used to formulate 2,4-D acid are known to be phy to toxic to 
plants and enhance herbicide volatility and subsequent drift 
to non-target areas. In another example, boron is known to 
be available to plants only in the boric acid form. However, 
boric acid is only soluble at relatively low concentrations in 
water, while the Monoethanolamine salt of boric acid is 
known to be much more soluble. 

[0003] U.S. Pat. No. 4,332,609 issued to Ott, which is 
incorporated by reference in its entirety, discusses the means 
of producing just such a water-soluble concentrate of boric 
acid and Monoethanolamine. The disadvantage is that the 
plants must convert this boric acid Monoethanolamine com- 
plex to boric acid in order to use it. Furthermore, boron is 
often applied in conjunction with a variety of agricultural 
pesticides that are subject to degradation at high pH ranges. 
The boric acid Monoethanolamine salt produces high pH 
solutions and therefore is detrimental to many pesticides. 

[0004] U.S. Pat. No. 5,877,112 assigned to Helena Chemi- 
cal Company, which is incorporated by reference in its' 
entirety, decribes a composition containing 

[0005] (a) at least one acid ester surfactant (phosphate 
ester surfactants) 

[0006] (b) at least one amine containing surfactant 

[0007] (c) and at least one water soluble agricultural 
chemical. 

[0008] The formulation is expensive, largely because of 
the addition of phosphate ester surfactants. It would be 
beneficial if there were alternative, less expensive ways of 
obtaining formulation stability than using phosphate esters. 
Furthermore, the phosphate ester surfactants contribute to 
the eye irritation severity of the overall formulation. 

[0009] U.S. Pat. No. 5,389,598 assigned to Monsanto 
Company, which is incorporated by reference in its entirety, 
describes a storage stable aqueous composition containing 

[0010] (a) water-soluble pesticide or plant growth modi- 
fying agent, 

[0011] (b) an alkylamine surfactant, 

[0012] (c) a C 6 -C2 2 saturated or unsaturated alkyl 
monocarboxylic or dicarboxylic acid 

[0013] (d) and water. 

[0014] The third ingredient (c) C 6 -C 22 saturated or unsat- 
urated alkyl monocarboxylic or dicarboxylic acid is essential 
and must be present in a ratio atkoxylated alkylamine 



surfactant to Cg-C^ saturated alkyl mono or dicarboxylic 
acid from at least about 2:1. The ratio of glyphosate to 
carboxylic acid is from about 10:1 (a) to about 100:1 and 
preferably about 10:1 to 40:1. Fattyamine ethoxylates have 
been known to be used in agricultural formulations in the 
past. Specifically, tallowamine ethoxylate surfactant is 
known to enhance glyphosate activity and translocation. 

[0015] WO 00/41567 describes the use of an adjuvant 
composition containing 

[0016] (a) polyoxyalkylene aliphatic amine 

[0017] (b) an eye irritation reducing compound (car- 
boxylic acid) 

[0018] (c) mixture of polyhydric alcohols preferably 
a trihydric alcohol and at least one dioi such as 
ethylene glycol or propylene glycol. 

[0019] The carboxylic acid is present in an amount from 
about 0.05 to about 5 wt. % of the adjuvant. V/hcG the 
adjuvant is used with glyphosate, the amount of carboxylic 
acid in the formulation is from about 0.2 to about 0.4% wt. 
%. 

[0020] We have found that the invention without a poly- 
hydric alcohol or a mixture of polyhydric alcohols. Further- 
more, the invention can be practiced with an eye irritation 
amount of carboxylic acid which is the opposite taught by 
WO 00/41567. 

SUMMARY OF THE INVENTION 

[0021] The present invention is a composition comprising 

[0022] (a) a carboxylic acid or phosphorous contain- 
ing acid providing that the phosphorous containing 
acid is not a glyphosate, 

[0023] (b) an amine containing surfactant, 

[0024] (c) at least one water soluble agricultural 
chemical with the proviso that the composition con- 
tains less than 3 percent by weight of phosphate ester 
surfactant. It is more preferable, that there is less 
than about 1 percent by weight of phosphate ester 
surfactant and most preferable there is no phosphate 
ester surfactant present. We have found that the 
invention can work without a polyhydric alcohol or 
a mixture of polyhydric alcohols. Furthermore, the 
invention can be practiced with an eye irritation 
amount of carboxylic acid. The amount of the car- 
boxylic acid used is preferably an eye irritating 
amount greater which would be greater than 0.4 wt. 
%. More preferably, the amount of the carboxylic 
acid is at least 1%, and even more preferably at least 
4 wt. % and even more preferably at least 6 wt. % 
and most preferably at least 7 wt. %. 

[0025] The present invention is also a homogenous agri- 
cultural liquid composition containing at least (a) a carboxy- 
lic acid or phosphorus containing acid, (b) an amine con- 
taining surfactant, preferably a fatty amine ethoxylate 
surfactant, (c) and at least one other agricultural chemical 
without substantially no or no acid ester surfactants such as 
phosphate ester surfactants. 

[0026] The agricultural chemical referred to herein, can 
used in agricultural or non-agricultural applications. The 
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agricultural applications include, but are not limited to 
pesticide, fertilizer, or plant growth regulators. The non- 
agricultural applications include, but are not limited to 
forestry, aquatics, right of way (such as the areas along roads 
or medians), turf (such as lawns, golf courses etc.) orna- 
mental (such as plants for their beauty) or municipal (parks, 
school, open land, etc). 

[0027] The present invention works with substantially no 
or no phosphate ester surfactant. The preferred embodiment 
can have a weight/weight ratio of glyphosate to carboxylic 
acid less than about 10:1 and more preferably less 8:1 and 
most preferably less than about 7:1. The glyphosate and 
carboxylic acid are most preferably in a weight/weight ratio 
of glyphosate to carboxylic acid in a 8:1 to about 2:1. 

[0028] A further embodiment of the invention is a com- 
position comprising: 

[0029] (a) a phosphorous containing acid providing 
that the phosphorous containing acid is not a gly- 
phosate, 

[0030] (b) an amine containing surfactant of the 
formula: 

CH 3 ch 3 

H-f-CH^HjOMCHaCHO), ^(CH 2 CHO).(CH 2 CH 2 0^-H 

CH 3 N— CHjCHj-N 9" 3 
I / \ I 

H-fCH 2 CH 2 0) r (CH 2 CHO) t (CH 2 CHO) c (CH2CH 2 0^-H 

[0031] where x, y, a, b, c, d, r, and s are independently 
a number from 0-100, with the proviso that the sum 
of a+b+c+d+r+s+x+y must be at least 4, 

[0032] (c) at least one water soluble agricultural 
chemical 

[0033] with the proviso that the composition contains less 
than 3 percent by weight of phosphate ester surfactant. 

[0034] Optionally, other surfactants or formulation aids 
can be added. The formulation can have a pH of less than 
about 7. It is also possible to add a buffering agent to further 
decrease the pH of the composition. 

[0035] Preferably, if a carboxylic acid is used, the acid is 
a monocarboxylic acid, a dicarboxylic acid and a tricarboxy- 
lic acid. The acid is formic acid, acetic acid, propionic acid, 
butyric acid, valeric acid, oxalic acid, malonic acid, succinic 
acid, glutaric acid, citric acid and phosphoric acid, prefer- 
ably, citric acid. If a phosphorus containing acid is used, 
preferably it is phosphoric acid or phosphorous acid. Pref- 
erably the amine containing surfactant is a fatty amine and 
most preferably a tallowamine elhoxylate. The composition 
allows water-soluble salts of agricultural chemicals to 
remain stable and soluble at lower than normal pH ranges. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0036] It has been surprisingly discovered that a wide 
range of water soluble compounds can be stabilized at lower 
than normal pH ranges using a combination of phosphorus 
containing acids or monocarboxylic, dicarboxylic or tricar- 



boxylic acids and amine containing surfactants such as, but 
not limited to fatty amine elhoxylates. 

[0037] The phosphorus containing acids are for the pur- 
poses of this patent, considered non-surfactants. That is, the 
surface tension for these acids is greater than 60 dynes/m as 
measured by a Du Nuoy Surface Tensiometer at a concen- 
tration of 1-10%. 

[0038] Preferably, the phosphorus containing acid is phos- 
phoric acid or phosphorous acid. The commercial grades of 
these acids contain anywhere from 50-85% pure H 3 P0 4 or 
H 3 P0 3 . 

[0039] The monocarboxylic acids are of the formula 

C*Hz*0 2 

[0040] wherein x is 1 to 5. 

[0041] The dicarboxylic acids are of the formula 

[0042] wherein x is 2 to 5. 

[0043] Any tricarboxylic acid is effective. 

[0044] The amine containing surfactants can be, but are 
not limited to fatty amine alkoxylates or block copolymers 
derived from the sequential addition of ethylene oxide and 
optionally propylene oxide to form ethylenediamines. 

[0045] The fatty amine alkoxylates are of the formula: 



(CH^HiO^CHsCHO^H 

R 1 — / <=H 3 

\ I 

(CH2CH20),(CH 2 CHO)6-H 

[0046] wherein R 1 is a Cg-C^ alkyl group, 

[0047] x, y, a, and b are identical or different and are a 
number from 0 to 100 with the proviso that x+y+z+b is 
at least 2. The most preferred fatty amine alkoxylate 
surfactant is a tallowamine ethoxylate. The fatty amine 
containing surfactant can be present in an amount from 
about 1 to about 99%. Preferably, the fatty amine 
containing surfactant is present in an amount sufficient 
to enhance the efficacy of the crop protection chemi- 
cals. 

[0048] The block copolymer derived from the sequential 
addition of ethylene oxide and propylene oxide to ethylene- 
diamine is of the formula: 

CH 3 CH 3 

I I 

H-t-CH 2 CH 2 0) x (CH 2 CHO)y (CH 2 CH0) a (CH 2 CH 2 O} 5 -H 

<~ H i N— CH2CH 2 -N CH 3 
H-tCH^HzOUCH^HOjf VHiCHO^CHjCHjO^rH 

[0049] where x, y, a, b, c, d, r, and s are identical or 
different are a number from 0 to 100, with the proviso that 
the sum a+b+c+d+r+s+x+y must be al least 2. The most 
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preferred fatty amine alkoxylate surfactant is a tallowamine 
ethoxylate. The fatty amine containing surfactant can be 
present in an amount from about 1 to about 99%. Preferably, 
the fatty amine containing surfactant is present in an amount 
sufficient to enhance the efficacy of the crop protection 
chemicals. 

[0050] The agricultural chemical can be a fertilizer con- 
taining boron, zinc, copper, iron, blends of nitrogen phos- 
phorous and potash or mixtures thereof. The fertilizer can be 
ammonia sulfate, an ammonia salt of a carboxylic acid, 
mono- or di-potassium phosphate, a micronutrient, ammonia 
nitrate, urea, ammonia citrate or ammonia acetate. 

[0051] The agricultural chemical can be a crop protecting 
chemical such as, but not limited to a herbicide, insecticide 
or fungicide. The herbicide can be, but not limited to, 
dimethylamine (DMA) salt of 2,4-dichlorophenoxyacetic 
acid, DMA salt of dicamba, sodium salt of dicamba, iso- 
propylamine (IPA) salt of glynhosate, IRA salt of 2,4- 
dichlorophenoxyacetic acid, sodium salt of acifluorfen, 
sodium-salt of bentazon, sodium salt of imazethapyr, ammo- 
nium salt of imazaquin, IPA salt of imazapyr, sodium salt of 
asulam or mixtures thereof. The agricultural chemical can be 
present in an amount from about 1 to about 99%. 

[0052] The composition can contain micronutrients such 
as, but not limited to a water soluble salt of boron, iron, 
manganese, magnesium, copper or zinc. In example I, Ott's 
patented composition of a monoethanolamine salt of boric 
acid is further unexpectedly improved by using a blend of 
phosphate ester and an amine surfactant such as tallowamine 
ethoxylate. 

[0053] The agricultural formulation can also contain addi- 
tional surfactants. The preferred additional surfactants 
include, but are not limited to: 

[0054] a) sorbitan fatty acid ester, 

[0055] b) polyethoxylated derivative of a sorbitan fatty 
acid ester, 

[0056] c) fatty alkanolamides 

[0057] e) silicone surfactants 

[0058] f) ethoxylated fatty 

[0059] g) alkyl ethoxylates 

[0060] h) alkylphenol 

[0061] i) polypropylene glycols 

[0062] j) tristyrylphenol alkoxylates, 

[0063] k) amine ethoxylates 

[0064] I) N-Acyl Sarcosines and Sodium N-Acyl Sar- 
cosinates, 

[0065] m) alkylaryl polyethoxy carboxylate ester, 

[0066] n) tristyrylphenol alkoxylate carboxylate esters, 

[0067] o) alkylpolyglucosides. 

[0068] Additionally, buffering agents can be added to the 
composition to further reduce the pH. The buffering agents 
include, but are not limited to, 

[0069] a) glutaric acid, 

[0070] b) gluconic acid, 
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[0071] c) lactic acid, 

[0072] d) glycolic acid, 

[0073] e) acrylic acid, 

[0074] f) carboxylated alcohol ethoxylate, 

[0075] g) ethoxylated alkylphenol carboxylate esters; 

[0076] h) tristyrylphenol alkoxylate phosphate esters; 

[0077] i) tristyrylphenol alkoxylate carboxylate esters; 
and 

[0078] j) fatty acids and blends thereof and 

[0079] The formulation can optionally contain water 
insoluble agricultural chemicals, such as but not limited to, 
pesticides. The pesticides can be, but are not limited to ester 
of dichlorophenoxyacetic acid, trifluralin, pendimethalin, 
propanil, atrazine, benefin, chloroimuron, linuron, alachlor, 
metalochlor or mixtures thereof. 

[0080] Furthermore the agricultural formulation can have 
a surface tension of less than 60 dynes as measured by the 
Du Nuoy Surface Tensiometer at a concentration of 1-10%. 

[0081] The formulation is made by mixing all the ingre- 
dients together. Other optional ingredients include but are 
not limited to dyes, thickeners, anti-corrosion agent, anti- 
caking agents, stabilizers, gel inhibitors, anti-freezes, anti- 
foam agents, mixtures thereof and the like. 

[0082] The following examples are listed to help illustrate 
the advantage of the new agricultural formulation. All the 
examples are described in a percent by weight basis. 

EXAMPLE 1 

[0083] 



Ingredients 


% in formula 


Monoethanolamine salt of boric acid 


80.0 


Tallowamine ethoxylate surfactant 


10.0 


Citric acid 


10.0 



[0084] The improvement of this formula is in the resulting 
pH of the composition. The monoethanolamine salt of boric 
acid has a pH of 9.0 on its own. The composition of Example 
1 has a pH of about 7.0. It is generally acknowledged in most 
agricultural applications thai plants can only use boron in 
it's acidic form. 

[0085] The patented composition can contain pesticides 
such as the dimethylamine salt of 2,4- Dichlorophenoxyace- 
tic acid (2,4- D Amine). In Example 2, the water-soluble 
agricultural chemical is the dimethylamine salt of 2,4-D, the 
tricarboxylic acid is citric acid, the amine containing sur- 
factant is tallowamine ethoxylate, and the other surfactants 
are wetting agents. The resulting composition has a pli of 
about 6.0, as opposed to conventional dimethylamine salt of 
2,4-D formulations which have a pH of about 8.5. The 
formulation in Example 2 produced a nice clear solution. 



US 2002/0160916 Al 



4 



Oct. 31, 2002 



EXAMPLE 2 

[0086] 



Ingredients % in formula 



Dime lli ylamine salt of 2,4-D 69.90 

Tallowamine ethoxylate surfactant 13.40 

Citric acid 10.40 

Alcohol ethoxylate surfactant 2.80 

Water 3.50 



[0087] In Example 3, the water-soluble agricultural 
chemical is the dimethylamine salt of 2,4-D, the carboxylic 
acid is acetic acid, the amine containing surfactant is tal- 
lowamine ethoxylate, and the other surfactants are alcohol 
ethoxylates. 

EXAMPLE 3 

[0088] 



Ingredients % in formula 



Dimethylamine salt of 2,4-D 69.90 

Tallowamine ethoxylate surfactant 13.40 

Acetic acid (glacial) 10.40 

Alcohol ethoxylate surfactant 2.S0 

Water 3.50 



[0089] In Example 4, the water-soluble agricultural 
chemical is the dimethylamine salt of dicamba, the tricar- 
boxylic acid is citric acid, the amine containing surfactant is 
tallowamine ethoxylate, and the other surfactants are wet- 
ting agents. 

EXAMPLE 4 

[0090] 



Ingredients % in formula 



Dimethylamine salt of dicamba 69.90 

Tallowamine ethoxylate surfactant 13.40 

Citric acid 10.40 

Alcohol ethoxylate surfactant 2.80 

Water 3.50 



[0091] In Example 5, the water-soluble agricultural 
chemical is the dimethylamine salt of 2,4-D, the carboxylic 
acid is propionic acid, the amine containing surfactant is 
tallowamine ethoxylate, and the other surfactants are wet- 
ting agents. 



EXAMPLE 5 

[0092] 



Ingredients 


% in formula 


Dimethylamine salt of 2,4-D 


69.90 


Tallowamine ethoxylate surfactant 


13.40 


Propionic acid 


10.40 


Alcohol ethoxylate surfactant 


2.80 


Water 


3.50 



[0093] In Example 6, the water-soluble agricultural 
chemical is the isopropylamine salt of glyphosate, the tri- 
carboxylic acid is citric acid, the amine containing surfactant 
is tallowamine ethoxylate, and the other surfactants are 
wetting agents. 

[0094] 



Ingredients 


% in formula 


Isopropylamine salt of glyphosate 
Tallowamine ethoxylate surfactant 
Citric acid 

Alcohol ethoxylate surfactant 
Water 


69.90 
13.40 
10.40 
2.80 
3.50 


[0095] In Example 7, the water-soluble agricultural 
chemical is the isopropylamine salt of glyphosate, the car- 
boxylic acid is acetic acid, the amine containing surfactant 
is tallowamine ethoxylate. 


EXAMPLE 7 




[0096] 




Ingredients 


% in formula 


Isopropylamine salt of glyphosate 
Tallowamine ethoxylate surfactant 
Acetic acid 
Water 


69.90 
13.40 
10.40 
6.30 


[0097] In Example 8, the water-soluble agricultural 
chemical is the dimethylamine salt of 2,4-D, the carboxylic 
acid is ascorbic acid, the amine containing surfactant is a 
block copolymer of EO and PO forming an ethylenedi- 
amine, and the other surfactants are wetting agents. 


EXAMPLE 8 




[0098] 




Ingredients 


% in formula 


Dimethylamine salt of 2,4-D 
Tallowamine ethoxylate surfactant 
Ascorbic acid 

Alcohol ethoxylate surfactant 
Water 


69.90 
13.40 
10.40 
2.80 
3.50 
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[0099] The inventive composition can be used in a method 
of controlling vegetation by adding the inventive composi- 
tion to foliage of plants. Further, the inventive composition 
can be used in a method of promoting plant growth and/or 
eliminating the damage caused by insects by adding the 
inventive composition to foliage of plants. This invention 
would normally be introduced into some carrier such as 
water, fertilizer or oil. 

[0100] The following patents and reference, which include 
several ingredients that can be used according to this inven- 
tion, are incorporated by reference in its entirety for all 
useful purposes: 

[0101] U.S. Pat No. 5,741,502 Homogeneous, essen- 
tially nonaqueous adjuvant compositions with buffer- 
ing capability 

[0102] U.S. Pat. No. 5,725,630 Dry granular fertilizer 
blend and a method of fertilizing plants 

[0103] U.S. Pat. No. 5,580,567 Homogeneous, essen- 
tially nonaqueous adjuvant compositions with buffer- 
ing capability 

[0104] U.S. Pat. No. 5,393,791 Homogeneous, essen- 
tially nonaqueous adjuvant compositions with buffer- 
ing capability 

[0105] U.S. Pat. No. 5,234,919 Water soluble, highly 
active dimethoate formulations in an alcohol/ester sol- 
vent system 

[0106] U.S. Pat. No. 5,178,795 Homogeneous, essen- 
tially nonaqueous adjuvant compositions with buffer- 
ing capability 

[0107] U.S. Pat. No. 5,906,961 Alkanolamide spreader- 
sticker surfactant combination 

[0108] U.S. Pat. No. 5,877,112 Agricultural formulation 

[0109] All the references discussed in this application are 
incorporated by reference in their entirety for all useful 
purposes. 

[0110] While there is shown and described certain specific 
structures embodying the invention, it will be manifest to 
those skilled in the art that various modifications and rear- 
rangements of the parts may be made without departing 
form the spirit and scope of the underlying inventive concept 
and that the same is not limited to the particular forms herein 
shown and described. 

We claim: 

1. A composition comprising of: 

(a) a carboxylic acid or phosphorus containing acid pro- 
viding that the phosphorus containing acid is not a 
glyphosate, 

(b) an amine containing surfactant and 

(c) at least one water soluble agricultural chemical, 

with the proviso that the composition contains less than 3 
percent by weight of phosphate ester surfactant and the 
proviso that if a carboxylic acid and glyphosate are 
present, then said glyphosate and carboxylic acid arc in 
a weight/weight ratio of glyphosate to carboxylic acid 
in a 8:1 to about 2:1. 



2. The composition as claimed in claim 1, wherein said 
carboxylic acid is a mono-carboxylic acid of the formula 
C x H 2j£ 0 2 , where x-1 to 5. 

3. The composition as claimed in claim 1, wherein said 
carboxylic acid is a di-carboxylic acid of the formula 
C^H^.204, where x-2 to 5. 

4. The composition as claimed in claim 1, wherein said 
carboxylic acid is a tri -carboxylic acid. 

5. The composition as claimed in claim 2, wherein said 
mono-carboxylic acid is formic acid, acetic acid, propionic 
acid, butyric acid or valeric acid. 

6. The composition as claimed in claim 3, wherein said 
di-carboxylic acid is oxalic acid, ma Ionic acid, succinic acid 
or glutaric acid. 

7. The composition as claimed in claim 4, wherein said 
tri-carboxylic acid is citric acid. 

8. The composition as claimed in claim 1, wherein said 
phosphorus-containing acid is phosphoric acid. 

9. Tne composition as claimed in claim 1, wherein said 
phosphorus-containing acid is phosphorous acid. 

10. The composition as claimed in claim 1, wherein said 
amine-containing surfactant is a fatty amine alkoxylate of 
the formula: 



(CH 2 CH 2 0) x (CH2CHO)— H 

\ I 

(CH2CH20),(CH2CHO) b — H 

wherein R 1 is a C 8 -C 22 alkyl group, x, y, a, and b are 
independently a number from 0 to 100 with the proviso that 
x+y+a+b is at least 2. 

11. The composition as claimed in claim 1, wherein said 
amine containing surfactant is a block copolymer derived 
from the sequential addition of ethylene oxide and option- 
ally propylene oxide to ethylenediamine, of the formula: 

CH 3 CH 3 

H-(-CH 2 CH 2 O) 1 (CH 2 CH0^ ^(CH 2 CH0),(ai 2 ai 2 O) G -II 

CH 3 n— CH2CH2-N CH 3 
H-tCHzCH^CHjCHOjf ^(CH 2 CHO) c (CH 2 CH 2 C>^-H 

where x, y, a, b, c, d, r, and s are independently a number 
from 0-100, with the proviso that the sum of a+b+c+d+r+ 
s+x+y must be at least 4. 

12. The composition as claimed in claim 10, wherein said 
fatty amine alkoxylate is tallowamine ethoxylate. 

13. The composition as claimed in claim 1, wherein said 
water-soluble agricultural chemical is a fertilizer. 

14. The composition as claimed in claim 1, wherein said 
water soluble agricultural chemical is a pesticide. 

15. The composition as claimed in claim 13, wherein said 
fertilizer is ammonia sulfate, ammonia salt of a carboxylic 
acid mono-potassium phosphate or di-potassium phosphate, 
ammonia nitrate, urea, ammonia citrate or ammonia acetate. 

16. The composition as claimed in claim 13, wherein said 
fertilizer is a micronutrient. 
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17. The composition as claimed in claim 16, wherein said 
micron utrient is a water soluble salt of zinc, copper, man- 
ganese, magnesium, iron or boron. 

18. The composition as claimed in claim 14, wherein said 
pesticide is a herbicide, insecticide and fungicide. 

19. The composition as claimed in claim 18, wherein said 
herbicide is a chlorinated carboxylic acid herbicide. 

20. The composition as claimed in claim 18, wherein said 
herbicide is glyphosate or a salt thereof. 

21. The composition as claimed in claim 18, wherein said 
herbicide is glyphosate-trimesium or a salt thereof. 

22. The composition as claimed in claim 18, wherein said 
herbicide is glufosinate or a salt thereof. 

23. The composition as claimed in claim 18, wherein said 
herbicide is a synthetic auxin. 

24. The composition as claimed in claim 23, wherein said 
synthetic auxin is chloramben or dicamba or salts thereof. 

25. The composition as claimed in claim 23, wherein said 
synthetic auxin is a phenoxy carboxylic add. 2.4-dichlo- 
rophenoxy acetic acid, 2,4,5-trichlorophenoxy acetic acid, 
2,4-dichlorophenoxy butyric acid, clomeprop, dichlorprop, 
dichlorprop-P, monochlorophenoxy acetic acid, monochlo- 
rophenoxy butyric acid, mecoprop, or mecoprop-P or salts 
thereof. 

26. The composition as claimed in claim 23, wherein said 
synthetic auxin is 2,4-dichlorophenoxy acetic acid, 2,4,5- 
trichlorophenoxy acetic acid, 2,4-dichlorophenoxy butyric 
acid, clomeprop, dichlorprop, dichlorprop-P, monochlo- 
rophenoxy acetic acid, monochlorophenoxy butyric acid, 
mecoprop or mecoprop-P or salts thereof. 

27. The composition as claimed in claim 23, wherein said 
synthetic auxin is a pyridine carboxylic acid, clopyralid, 
fluroxypyr, picloram or triclopyr or salts thereof. 

28. The composition as claimed in claim 23, wherein said 
synthetic auxin is a quinoline carboxylic acid, quiclorac or 
quinmerac or salts thereof. 

29. A composition comprising: 

(a) a phosphorus containing acid providing that the phos- 
phorus containing acid is not a glyphosate, 

(b) an amine containing surfactant and 

(c) at least one water soluble agricultural chemical, 

with the proviso that the composition contains less than 3 
percent by weight of phosphate ester surfactant. 

30. The composition as claimed in claim 29, wherein said 
phosphorus-containing acid is phosphoric acid. 

31. The composition as claimed in claim 29, wherein said 
phosphorus-containing acid is phosphorous acid. 

32. The composition as claimed in claim 29, wherein said 
amine -containing surfactant is a fatty amine alkoxylate of 
the formula: 




(CHzCH^MCHzCHO^-H 

\ I 

(CHjCHzOUCH^O),,— H 

wherein R 1 is a C s -C 22 alkyl group, x, y, a, and b are 
independently a number from 0 to 100 with the proviso thai 
x+y+a+b is at least 2. 



32. The composition as claimed in claim 29, wherein said 
amine containing surfactant is a block copolymer derived 
from the sequential addition of ethylene oxide and option- 
ally propylene oxide to ethylenediamine, of the formula: 

CH 3 CUy 

I I 

H-f-CHjCHjO^CH^O^ (CH 2 CH0) 1 (CH2CH 2 O)5-H 

CH 3 N— CH2CH2-N C H 3 
H-fCHjCHzOXCCHjCHOjf X (CH2CH0) c (CH2CH2O)b-H 

where x, y, a, b, c, d, r, and s are independently a number 
from 0-100, with the proviso that the sum of a+b+c+d+r+ 
s+x+y must be at least 4. 

33. The composition as claimed in claim 29, wherein said 
fatty amine alkoxylate is tallowamine ethoxylate. 

34. The composition as claimed in claim 29, wherein said 
water-soluble agricultural chemical is a fertilizer. 

35. The composition as claimed in claim 29, wherein said 
water soluble agricultural chemical is a pesticide. 

36. The composition as claimed in claim 34, wherein said 
fertilizer is ammonia sulfate, ammonia salt of a carboxylic 
acid, mono-potassium phosphate, di-potassium phosphate, 
ammonia nitrate, urea, ammonia citrate or ammonia acetate. 

37. The composition as claimed in claim 34, wherein said 
fertilizer is a micronutrient. 

38. The composition as claimed in claim 37, wherein said 
micronutrient is a water soluble salt of zinc, copper, man- 
ganese, magnesium, iron or boron. 

39. The composition as claimed in claim 35, wherein said 
pesticide is a herbicide, insecticide or fungicide. 

40. The composition as claimed in claim 39, wherein said 
pesticide is a chlorinated carboxylic acid herbicide. 

41. The composition as claimed in claim 39, wherein said 
pesticide is glyphosate or a salt thereof. 

42. The composition as claimed in claim 39, wherein said 
herbicide is glyphosate-trimesium or a salt thereof. 

43. The composition as claimed in claim 39, wherein said 
herbicide is glufosinate or a salt thereof. 

44. The composition as claimed in claim 39, wherein said 
herbicide is a synthetic auxin. 

45. The composition as claimed in claim 44, wherein said 
synthetic auxin is chloramben or dicamba or salts thereof. 

46. The composition as claimed in claim 44, wherein said 
synthetic auxin is chloramben or dicamba or salts thereof. 

47. The composition as claimed in claim 44, wherein said 
synthetic auxin is a phenoxy carboxylic acid, 2,4-dichlo- 
rophenoxy acetic acid, 2,4,5 -Irichloropbenoxy acetic acid, 
2,4-dichlorophenoxy butyric acid, clomeprop, dichlorprop, 
dichlorprop-P, monochlorophenoxy acetic acid, monochlo- 
rophenoxy butyric acid, mecoprop, or mecoprop-P or salts 
thereof. 

48. The composition as claimed in claim 44, wherein said 
synthetic auxin is 2,4-dichlorophenoxy acetic acid, 2,4,5- 
trichlorophenoxy acetic acid, 2,4-dichlorophenoxy butyric 
acid, clomeprop, dichlorprop, dichlorprop-P, monochlo- 
rophenoxy acetic acid, monochlorophenoxy butyric acid, 
mecoprop or mecoprop-P or salts thereof. 

49. The composition as claimed in claim 44, wherein said 
synthetic auxin is a pyridine carboxylic acid, clopyralid, 
fluroxypyr, picloram or triclopyr or salts thereof. 
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50. The composition as claimed in claim 44, wherein said 
synthetic auxin is a quinoline carboxylic acid, quiclorac or 
quinmerac or salts thereof. 

51. A composition comprising: 

(a) a phosphorus containing acid providing that the phos- 
phorus containing acid is not a.glyphosate, 

(b) an amine containing surfactant of the formula: 

CH 3 CH 3 
H-^CHzCHsO^CCHjCHO^ ^(CHjCHO^CH^aO^s-H 

9 H * N— CH2CH2-N 9 H3 
I / \ I 

H-eCHiCHjOWCH^HOX <CH 2 CHO) c (CH2CH 2 C%-H 

where x. y. a, b. c, d, r, and s are independendy a number 
from 0-100, with the proviso that the sum of a+b+c+ 
d+r+s+x+y must be at least 4 and 

(c) at least one water soluble agricultural chemical, 

with the proviso that the composition contains less than 3 
percent by weight of phosphate ester surfactant. 



52. A method for treating soil which comprises adding the 
composition as claimed in claim 1 to the soil. 

53. A method for treating soil which comprises adding the 
composition as claimed in claim 29 to the soil. 

54. A composition comprising of: 

(a) a carboxylic acid or phosphorus containing acid pro- 
viding that the phosphorus containing acid is not a 
glypbosate, 

(b) an amine containing surfactant and 

(c) at least one water soluble agricultural chemical, 

with the proviso that the composition contains less than 3 
percent by weight of phosphate ester surfactant and the 
proviso that if a carboxylic acid is used for said 
component (a) and a glyphosate is used for said com- 
ponent (c), then said carboxylic acid is present in an 
amount that does not effectively reduce eye irritation. 

55. A method for treating soil which comprises adding the 
composition as claimed in claim 54 to the soil. 

* * * * * 
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